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Sodium Alkyl a-Sulfopelargonates, C.H,;CH(SO,Na) CO.R.
Wetting and Related Properties’

A. J. STIRTON, R. G. BISTLINE, JR,, J. K. WEIL, and WALDO C. AULT,
Eastern Regional Research Laboratory,” Philadelphia 18, Pennsylvania

A series of sodium alkyl a-sulfopelargonates prepared
from sodium a-sulfopelargonic acid and aleohols of from
2 to 12 earbon atoms were examined for surface active
properties, Esters with the hydrophilic portion in the
middle of the molecule, as in sodium hexyl, heptyl, oetyl,
capryl (or 2-octyl) and 2-ethylhexyl a-sulfopelargonate
were very efficient wetting agents with good foaming prop-
erties and a e.m.c. of from 2 to 7 millimoles per liter. The
presence of the a-sulfo group inhibits hydrolysis of the
ester linkage, apparently by steric hindrance. Sodium
capryl a-sulfopelargonate, an ester of a secondary aleohol,
was particularly stable to acid and alkaline hydrolysis.
The esters are easily soluble in water, organic solvents
and mineral oil.

NIONIC SURFACE ACTIVE AGENTS may be expected
A to be wetting agents rather than detergents
when the hydrophilic group is at or near the
middle of a hydrophobic chain. The surface active
agents are then considered to be oriented at the air-
water interface as folded molecules with the hydro-
philic group directed downward into the aqueous
phase; a structure which in a series of compounds of
the same chain length may lead to lower surface and
interfacial tension, smaller micelles and higher crit-
:al micelle concentration. Sodium heptadecyl 9-sul-
fate (5) and the branched chain secondary alkyl
sulfates (13) and sodium alkyl sulfosuccinates (1),
which are important commercial wetting agents, have
this relation between the hydrophilic and hydropho-
bic portions of the molecule.

In a previous report (12) it has been shown that
sodium a-sulfopelargonic acid displays little evidence
of surface active properties but becomes an efficient,
wetting agent upon esterification with n-octanol to
form sodium octyl a-sulfopelargonate,

CH3(CH,)¢CH (803Na)CO2(CHz)-CHs,

1 Presented at the annual meeting, American Oil Chemists’ Society,
St. Louis, Missouri, May 1-3, 1961.

2 Wastern Utilization Research and Development Division, Agricul-
tural Research Service, U. S. Department of Agriculture.

a compound with the hydrophilic portion at about
the middle of the molecule and with hydrophobic
alkyl groups of about equal chain length.

The present report concerns the preparation of a
series of sodium alkyl a-sulfopelargonates and an in-
vestigation of properties, particularly in terms of the
structure associated with best wetting characteristics.
Turther study of these and related esters is projected.

Synthesis

The individual normal primary, secondary, and
branched chain primary alcohols of Table I were of
standard laboratory quality, rectified by distillation
as required. The ‘‘oxo’’ decyl aleohol (Enjay Chemi-
cal Co.) is a product from the oxo process, a mixture
of 10 carbon atom primary alcohols, predominantly
trimethylheptanols. The fluoro aleohol (E. I. du Pont
de Nemours & Co., Inc.) is a technical product from
the free radical telomerization of tetrafluoroethylene
with methanol ; the subscript 3 is an average number.

The esters of Table I were conveniently prepared
by the same general method, esterification of sodium
a-sulfopelargonic acid with a 10% excess of the par-
ticular aleohol, in the presence of sulfuric acid as
the catalyst, and toluene to remove water of esteri-
fication, azeotropically. The following example illus-
trates the method. Analyses for Na and S agreed with
the calculated values, with an average deviation of
0.15%.

SoZlium Nonyl a-Sulfopelargonate. A stirred mix-
ture of 0.1 mole of sodium a-sulfopelargonie acid, 011
mole of n-nonanol, 200 ml. of toluene and 2 ml. of
concentrated sulfuric acid was refluxed 4 hrs. with
azeotropic removal of water of esterification. The re-
action mixture was neutralized with aqueous sodium
carbonate and evaporated with recovery of toluene
and excess nonanol. Ethanol was added to the resi-
due, insoluble inorganic salts were removed, and the

TABLE I
Properties of Sodium Alkyl a-Sulfopelargonates
C7H1sCH (SOsNa) COzR
Surface and interfacial sis . s s
A y Critical Wetting timeP Foam heightd
Aleohol tension, 0.2%, 26° micelle 25°,0.19%, seconds Cat 60°, 0.25%, mm. | RoTERCY®
ROH yn . cm;centra- stability distiitod "
ion?2 . s ppm .o
- Distilled 300 Distilled 300 water, AR
S.T. 1T, millimoles/1. water ppm water ppm
52.9 39.8 98.0 >800.0 >300.0 >1800 4 0 10
40.3 18.9 16.0 12.1 5.3 310 80 140 15
26.8 7.1 7.0 2.2 1.4 290 210 240 23
26.6 5.7 4.5 0.0 4.7 440 210 240 26
CsHwOH 25.7 4.5 2.1 1.3 13.2 500 230 220 31
CeH1sCHOHCHS 26.4 4.8 3.6 1.3 4.5 520 220 230 25
C+HoOH ( O2Hs) CH2 25.9 3.9 1.9 0.0 4.5 530 240 175 17
CoH10H...... 25.4 3.8 1.2 3.8 33.1 500 230 8 31
C1oH210H..... 25.0 3.0 0.5 6.0 105.0 610 240 30 21
“Oxo’’'decyl. 23.6 1.7 0.5 1.6 34 310 250 30 19
C12Has0H..oovoivennnenenens 25.2 1.0 0.1 103.0 >300.0 750 210 20 33
T(CF2CF2)sCH20H...cccvenerereinnes 19.1 5.6 2.4 3.6 24 350 265 30 20
Sodium methyl a-sulfopalmitate... 39.0 9.7 0.4 25.0 15.5 >1800 205 225 31

2 Pinacyaole chloride method (2).
b Draves test, 5-g. skein, 3-g. hook (8).

reflectance after washing. AR for sodium dodecyl sulfate = 28.

¢ Modified Hart method (13).
4 Ross-Miles (9) immediate foam height.
e Launder-Ometer,8 1 swatch of G.D.C. No. 263 (4) standard soiled cotton/100 ml./jar, 30 steel balls, 30 min., 2 replicates.

AR = increase in



product was crystallized from 50% ethanol at—20°C.
to give sodium nonyl a-sulfopelargonate as a white
powder in a yield of 70%. Analysis: calculated for
C1sH35NaO58, 5.95% Na, 8.30% S; found 5.82% Na,
8.249% 8.

Properties

In Table I comparison of the properties of sodium
octyl, capryl, and 2-ethylhexyl a-sulfopelargonate with
sodium methyl a-sulfopalmitate, all containing 17 car-
bon atoms, shows that the position of the hydrophilic
portion at about the middle of the molecule results in
lower surface and interfacial tension, higher c.m.c.,
and excellent wetting properties, but a somewhat lower
calcium stability. '

Surface and Interfacial Tension. In the pelargonate
series surface tension measured at 0.2% concentration
with the duNoily tensiometer falls rapidly from the
ethyl to the amyl to the hexyl ester and thereafter
remains substantially the same except for the low
value shown by the dodecafluoroheptyl ester.

The interfacial tension falls consistently with in-
crease in molecular weight except for the values shown
by the esters of secondary and branched chain aleo-
hols and the dodecafluoroheptyl ester.

Critical Micelle Concentration. The c.m.c. was meas-
ured by the pinacyanole dye titration method (2),
and is quite high for those esters which are not very
surface active. Sodium ethyl a-sulfopelargonate in
particular is hardly a surface active agent, has high
surface and interfacial tension, high e.m.c., and prac-
tically no wetting, foaming, or detergent properties.
The c.m.c. values for the surface active agents of the
normal primary aleohols from amyl to dodecyl alco-
hol demonstrate a regularity and follow the relation
(eme)’ — 16 (67.8) so that the £

N -—2N(,,)sotateound
value agrees with the predicted. In the following list
the predicted value is obtained by dividing 16 (the
value for sodium amyl «-sulfopelargonate) by 2V
where N is the increase in the number of carbon atoms
in going from the amyl ester to higher homologs:

c.m.c. =

Critical micelle

. concentration,
Sodium n-alkyl a-sulfopelargonate millimoles/1.
Found Predicted
AmYL..iiiiiiiiiiirrce e 160 | ...
Hexyl . 7.0 8.0
. 4.5 4.0

2.1 2.0

1.2 1.0

0.5 0.5

0.1 0.125

Wetting Time. Wetting properties of 0.1% solu-
tions in distilled water and hard water of 300 p.p.m.
were measured by the Draves test (3) using a 5-g.
cotton skein and 3-g. hook, at 25°C. All of the pel-
argonate esters, except the ethyl and dodeeyl, have
wetting times of 6 sec. or less, either in distilled water
or hard water.

The amyl ester has better wetting properties in
hard water. The most efficient wetting agents are
about equally effective in hard or soft water. The
higher molecular weight esters (the nonyl, decyl,
““oxo0”’decyl, and dodecafluoroheptyl esters) are more
efficient in soft than in hard water. :

The four most efficient wetting agents in both
hard and soft water are the hexyl, heptyl, capryl, and
2-ethylhexyl esters. Branching of the alecohol portion,
either by use of a branched chain primary aleohol or
a normal secondary alcohol, improves solubility and

wetting properties. This is evident with the capryl,
2-ethylhexyl, and ‘‘oxo’’decyl esters.

Wetting time as a function of concentration is
shown in Table II and Fig. 1. From this, it is appar-
ent that in the sodium n-alkyl «-sulfopelargonate serie
the heptyl ester,

CH;3(CH:)¢CH (S03Na)CO2(CH,) ¢CHs,

with an equal number of carbon atoms in each alkyl
group, is the most efficient wetting agent.

TABLE II
Wetting Time and Concentration

Sodium alkyl a-sulfo-

gelargonate Wetting time, seconds, Draves test,? at vari-
C7H15CH (SOsNa) CO=R

ous % concentrations in distilled water, 25°

Alcohol, ROH 0.025 0.050 0.075 0.100 0.150
...... 30.5 12.1 4.4
12.8 5. 2.2 0.0
2.8 1.7 0.0 | ...
5.0 2.6 1.3 0.0
3.7 2.2 1.3 | ...
2.7 1.5 0.0 | ...
8.8 5.5 3.8 2.3
24.8 14.1 6.0 4.1

2 Reference (3), 5-g. skein, 8-g. hook. -

b OHaCHOHésﬁm.

Calcium Stability, Foam Height, and Detergency.
The calcium stability of the pelargonate esters, ex-
cluding the ethyl and dodecyl, ranges from about
300-600 p.p.m. indicating the esters are sensitive to
hard water in some degree.

The esters all have good foaming properties in soft
water, excepting the ethyl and amyl esters. The hexyl,
heptyl, octyl, and capryl esters also have good foam-
ing properties in hard water. The foam is stable and
foam height remains about the same for 5 min. or
more.

Surface active agents which are excellent wetting
agents are not generally expected to have excep-
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TABLE III
Rate Constants, Acid and Alkaline Hydrolysis

N/8 Ha2S04, 100° | N/10 NaOH, 100°
i b
Surface active agent mli{;a_l R 9;'1: :ive 1./1151::)19/ Relative
. e min. rate
Sodium methyl a-sulfo-
palmitate
CO2CHs
0.0047 30 0.14 60
CuH20CH
SOsNa
Sodium hexyl a-sulfo-
pelargonate
CO020¢H13
0.0020 13 0.16 18
CrH1sCH
SOsNa
Sodium capryl a-sulfo-
pelargonate
CO020HCsHis
0.0010 6 0.0092 1
C7H1sCH Hs
SOsNa
Sodium di(2-ethylhexyl)
sulfosuccinate
OH20020H2CH (C2Hs) C+Ho (8) 0.0156 100 0.9 100
approx.
CHCO:2:CH20H (CzHs) C4Ho. (a) 0.0033 21
S0sNa
_ a
a ki (first order) =1/t 1n a—x
b — %
ks (second order) = 1/t e

tional detergent properties. The pelargonate esters
have moderately good detergency in soft water but
are poor detergents in hard water in the absence
of builders.

Stability to Hydrolysis. The sodium alkyl a-sulfo-
palmitates and stearates (10), and disodium 2-sulfo-
ethyl a-sulfopalmitate (11) have been shown to resist
hydrolysis, probably because the adjacent sulfo group
protects the carboxylate linkage through steric hin-
drance. Esters of secondary alcohols are particularly
stable to both acid and alkaline hydrolysis. The pel-
argonates of Table I are likewise stable to hydrolysis,
as shown in Tables IIT and IV and Fig. 2.

Experiments to measure the rate constant for a
first order acid catalyzed hydrolysis were carried out
by heating 0.01 equivalent of the ester in 100 ml. of
N/3 H,S0, at 100°C., withdrawing 10-ml. aliquots for
titration at selected intervals. Under these conditions,
sodium di(2-ethylhexyl) sulfosuccinate appears to hy-
drolyze stepwise, first at the linkage unprotected by
the sulfo group (B, ki 0.0156) and then less rapidly
‘at the ester linkage adjacent to the sulfo group (a, k;
0.0033). The change from an initial rapid rate to a
slower rate with a slope comparable to that for sodium
hexyl a-sulfopelargonate is apparent in Fig. 2.

The rate constants for the second order alkaline
hydrolysis were obtained in a similar manner, using
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F1g. 2. Acid catalyzed hydrolysis of wetting agents.

an equivalent amount of 0.1 N NaOH. The value for
sodium di(2-ethylhexyl) sulfosuccinate is an approxi-
mation at the midpoint; alkaline hydrolysis at 100°C.
was too rapid to determine the rate for the first step
in hydrolysis. Relative rates of hydrolysis and values
for k; and ko are shown in Table ITI. Sodium ecapryl
a-sulfopelargonate, an ester of a secondary school, is
quite resistant both to acid and alkaline hydrolysis.

Differences in the stability of esters are further
shown in Table IV. Sodium methyl a-sulfopalmitate
has moderate wetting properties which are not de-
stroyed by boiling in 5% H.SO, but are destroyed by
boiling in 1% NaOH. Sodium heptyl a-sulfopelar-
gonate has excellent wetting properties in neutral or
hot acid solution, but wetting properties are likewise
destroyed through hydrolysis in hot alkaline solution.
The wetting properties of the capryl ester persist in
hot acid and alkaline solution.

Solubility. The sodium alkyl a-sulfopelargonates
are easily soluble in water, and also surprisingly sol-
uble in organic solvents and mineral oil. At 25°C.

TABLE IV
Stability to Hydrolysis, Wetting Properties in Acid and Alkali

Wetting time, seconds, Draves test,20.1% concentration, 25°

After boiling After boiling

Surface active agent Distilled 5? in 5% HaS04 19 in 1% NaOH
water H2S04 for for NaOH for for
. % hr. 1 hr. 1% hr. 1hr.
Sodium methyl a-sulfopalmitate. 25.0 28.2 36.8 36.5 36.8 >600.0 | eeeeee
Sodium capryl * a-sulfopelargonat: 1.3 3.5 5.8 6.6 4.4 8.0 21.2
Sodium heptyl a-sulfopelargonate..... 0.0 3.0 4.1 4.5 3.4 >600.0 | e

a Reference (8), 5-g. skein, 3-g. hook.
b CHsOHOHCeHas.



the amyl, hexyl, and 2-ethylhexyl esters are soluble
to the extent of 10% or more in absolute ethanol,
chloroform, ether, and petroleum ether, and soluble
to the extent of about 19 in mineral oil.
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